Background: Economic status is known to be directly or indirectly related to cancer incidence since it affects accessibility to health-related social resources, preventive medical checkups, and lifestyle. This study investigates the relationship between cancer incidence and family income in Korea. Methods:Using the Korean National Health Insurance cancer registration data in 2009, the relationship between their family income class and cancer risk was analyzed. The age-standardized incidence rates of the major cancers were calculated for men and women separately. After adjusting for age, residential area, and number of family members, cancer risks for major cancers according to family income class were estimated using a logistic regression model. Results: In men, the risk of stomach cancer for Income Class 5 (lowest) was 1.12 times (95% CI 1.02-1.23) higher than that of Income Class 1 (highest), for lung cancer 1.61 times (95% CI 1.43-1.81) higher, for liver cancer 1.22 times (95% CI 1.08-1.37) higher, and for rectal cancer 1.37 times higher (95% CI 1.18-1.59). In women, the risk of stomach cancer for Income Class 5 was 1.22 times higher (95% CI 1.08-1.37) than that for Income Class 1, while for cervical cancer it was 2.47 times higher (95% CI 2.08-2.94). In contrast, in men, Income Class 1 showed a higher risk of thyroid cancer and prostate cancer than that of Income Class 5, while, in women the same was the case for thyroid cancer. Conclusions: The results show the relationship between family income and cancer risk differs according to type of cancer.
Introduction
Every year, 10.9 million people in the world become new cancer patients, and 6.7 million people die of cancer, accounting for 12% of deaths. It is estimated that, if the trend continues, there will be 16 million new cancer patients each year with 10.3 million people dying of cancer in 2020 (WHO and UICC, 2005) . In Korea, the number of deaths from cancer was 29,384 in 1983, accounting for 11.5% of total death, and 54,757 in 1999, accounting for 22.3% of total death. In 2009, the number of deaths from cancer was 70,779 (28.7%). Since 1983, when the statistical data on causes of death became available, cancer has continuously ranked as the first leading cause of death (Statistics Korea, 2011) . The number of new cancer patients has also increased every year, from 101,032 in 1999 to 192,561 in 2009, showing an increase of 90.5% from 1999 (MOHW and NCC, 2011) .
It is known that the health status, including life expectancy and mortality, is dependent on economic status. This is the case not only there exists differences in health level between developed and developing countries, but also, in the same country, between lower and higher income groups (Kunst, 2007; Kunst et al., 1995) . According to the American Cancer Society, the death rate from cancer increases as the socioeconomic level decreases (Freeman, 1989) . Individuals having a lower income and education level showed a higher death rate from cancer. The Institute of Medicine reported that socioeconomic and cultural factors have an influence on the cancer risk such as smoking, malnutrition, lethargy, and poverty (IOM, 2003) . Income and education level as well as the availability of health insurance affected early cancer detection and treatment. A study conducted on 24 different cancers in 37 population groups in 21 countries showed that the cancer incidence rate was higher in the lower social classes. In men, the only exceptions were, rectal cancer, brain cancer, and melanoma and, in women, rectal cancer, breast cancer, ovarian cancer and melanoma (Faggiano et al., 1997) . In men, the incidence of lung cancer, oro-pharyngeal cancer, esophageal cancer, and stomach cancer was higher in the lower social classes. In women, the incidence of esophageal cancer, stomach cancer, and cervical cancer was higher in the lower social classes.
In Korea, the cancer registration and statistics program was established by the Korea Central Cancer Registry to monitor and control cancers. The program has collected statistical data on cancer incidence and mortality (Cho et al., 2007; Jung et al., 2007; Khang and Kim, 2006; Song and Byeon, 2000; Won et al., 2009 ). However, still the dependency of the cancer incidence and mortality on socioeconomic status has not been sufficiently investigated in Korea. The purpose of this study was to verify the difference in the cancer incidence rate among various income levels in Korea using the cancer registration data from the Korean National Health Insurance.
Materials and Methods

Data sources and Study subjects
The data used in this study were the 2009 Korean National Health Insurance cancer registration data of the self-employed and medical aid beneficiaries. The total number of self-employed and medical aid beneficiaries in 2009 was 18,868,659. The newly diagnosed cancer patients were identified based on the claims data of Korean National Health Insurance between January 1 and December 31, 2009 which were sent by the hospitals having diagnosed and treated the patients and verified by the Health Insurance Review Agency. The number of newly diagnosed cancer patients in 2009 was 65,506.
Income class
The monthly premium of National Health Insurance at the end of December, 2009 was used as a proxy indicator of income class of each subject in this study. The monthly health insurance premium of the selfemployed is determined based on earned income, asset income, property (including house and automobile), and the economic activity participation rate. The standardized income was calculated from the monthly health insurance premium data, with adjustments for family size. Income standardization is the method used by the Organization for Economic Cooperation and Development (OECD) to compare and analyze the income of different countries. In this study, the household equivalence scale was used, where the household income is divided by the square root of the family size (OECD, 2009). The subjects were then categorized into five income classes: Income Class 1, the highest intervals (80-100%), Income Class 2 (60-80%), Income Class 3 (40-60%), Income Class 4 (20-40%), and Income Class 5 as the lowest intervals (0%-20%).
Age, number of families, residential area, site of cancer
The age, residence, and family size of each subject were obtained from the database of National Health Insurance Corporation. The age, residence, and family size used were as of the end of December, 2009. Family size data were used to calculate the standardized income. The residence was classified into three groups according to the municipal administrative territory: metropolis, urban, and rural.
Statistical analysis
The age-standardized incidence rates (per 100,000 DOI:http://dx.doi.org/10.7314/APJCP.2012.13.4 
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Asian Pacific Journal of Cancer Prevention, Vol 13, 2012 1373 population) of the major common cancers were calculated for men and women separately. A logistic regression analysis adjusted for the age and residential area was performed to estimate the cancer incidence risk according to income classes with an odds ratio and 95% confidence intervals. SAS (version 9.2) was used for all procedures. Table 1 presents the general characteristics of the subjects. According to the 2009 National Health Insurance cancer registration data, cancer cases included 29,226 men and 36,280 women. Table 2 presents the age-standardized major cancer incidence rate (per 100,000 populations) in men. The major cancers, in order of incidence in men, were stomach cancer, lung cancer, liver cancer, colon cancer and rectal cancer. The incidence of top ten cancers accounted for 77% (22,447) of total cancer incidence in men. Table 3 presents the age-standardized major cancer incidence rate (per 100,000 populations) in women. The major cancers, in order of incidence in women, were thyroid cancer, breast cancer, stomach cancer, colon cancer, and cervical cancer. The incidence of the top ten cancers accounted for 73% (26,552) of the total cancer incidence in women. Table 4 and 5 present the results of logistic regression of the relationship between income classes and cancer incidence risk. In men, the lowest income class (Class 5) showed higher risk of stomach cancer (OR 1.22 [1.02-1.23]), lung cancer (OR 1.61 [1.43-1.81]), liver cancer (OR 1.22 [1.08-1.37]), and rectal cancer (OR 1.37 [1.18-1.59]) than the highest income class (Class 1). In contrast, the incidence risk of thyroid cancer ) and prostate cancer ) was lower in income Class 5 than in income Class 1 (Table 4) . In women, the lowest income class (Class 5) showed higher (Table 5) .
Results
Discussion
In this study, the relationship between income class and cancer incidence risk was analyzed using the Korean National Health Insurance cancer registration data of the self-employed insured and medical aid beneficiaries. In men, the incidence risk of stomach cancer, lung cancer, and rectal cancer increased as Income Class decreased. In women, the incidence risk of stomach cancer and cervical cancer increased as Income class decreased.
In Italy, the incidence risk of stomach cancer was higher among people of low income (1.3 times in men and 2.21 times in women) (Faggiano et al., 1997) . In Finland, this risk was also higher (1.84 times in men and 1.36 times in women) (Pukkala, 1995) . In Germany, the incidence risk of stomach cancer was 5.53 times higher among people of low income (the bottom 20%) (Geyer, 2008) . The incidence risk of lung cancer, in Italy, was higher among people of low income (1.81 times in men) (Faggiano et al., 1994) . For men in Finland it was 3.07 times higher (Pukkala, 1995) and for men in New Zealand it was 3.07 times higher (Blakely et al., 2011 ).
In Germany, the incidence risk of lung cancer was 2.0 times higher among low-income individuals (the bottom 20%) (Geyer, 2008) . However, in Finland, the incidence risk for lung cancer in women in low-income groups was 96% of that of high-income groups, showing an opposite pattern (Pukkala, 1995) . The incidence risk for liver cancer among low-income groups was 2.0 times higher in Italy (Faggiano et al., 1994) . A study conducted on the correlation between socioeconomic status and cancer mortality in Australia showed that the risk of death from liver cancer was 1.18 times higher among low-income individuals (Yu et al., 2008) . The incidence risk of rectal cancer was 1.04 times higher among low-income individuals in Denmark (Egeberg et al., 2008) . However, the incidence risk of rectal cancer was 87% of the mean among men in Ontario, Canada, and 94% in men and 98% in women in the U.S., indicating that the risk was lower among people in the high income group (Boyd et al., 1999; Mackillop et al., 2000) . The incidence risk of cervical cancer was higher among low-income women in Australia (1.33 times) (Yu et al., 2008) and New Zealand (1.35 times) (Blakely et al., 2011) . The incidence risk of cervical cancer was lower among high-income women in Ontario, Canada (0.71 times) and in the U.S. (0.69 times) (Mackillop et al., 2000) . When compared with the results of other countries, the inequality in stomach cancer, lung cancer, and liver cancer between income levels seems to be relatively small in Korea. 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Income Class 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1. In men, prostate cancer and thyroid cancer showed the higher risk in the highest income class. In women, the risk of thyroid cancer increased as income class increased. According to a study conducted in California, U.S., among African-Americans, non-Hispanic Whites, Hispanics and Asian/Pacific Islanders, the prostate cancer incidence risk was 1.28 times higher in the high socioeconomic class than in the low one (Cheng et al., 2009) . A study conducted in Columbia also showed that the prostate cancer incidence risk was higher in the high socioeconomic class (Cuello et al., 1982; Teppo, 1984) . According to a survey conducted in Wisconsin, U.S., on the incidence of thyroid cancer between 1980 and 2004, thyroid cancer incidence increased by 0.5 per 100,000 persons as median income increased by $10,000 (Sprague et al., 2008) .
The Korean National Health Insurance provides regular health check-up benefit which includes screening tests for major cancers (stomach, breast, colorectal, cervical, and liver) for all adults over 40 in every 2 years. However, many people who are usually wealthy voluntarily buy the more expensive comprehensive medical check-up which usually includes the screening for the thyroid and prostate cancer (Kim et al., 2011) . The reason why the incidence risk of thyroid cancer and prostate cancer was higher in the higher income class may be because of the higher rate of early detection of those cancers in this class, since higher income individuals may undergo this kind of screening more often (Han et al., 2011) .
Based on the previous studies and this study, it may be concluded that socioeconomic factors, such as income level, affects cancer incidence. Those who are in a lowincome class may be less able to manage their health, participate in routine physical exercise, and undergo preventive health examinations while coping with the social structural circumstances of their occupational obligations and their family responsibilities. Previous studies showed that the probability of early cancer detection was lower in the lower socioeconomic classes (Halpern et al., 2007; Kaffashian et al., 2003; Schwartz et al., 2003; Yabroff and Gordis, 2003) . Additionally, people in a low socioeconomic class may have less concern for their health. Those who are at a higher income level may follow a healthier lifestyle, have easy access to medical information, and enjoy more resources that are helpful to health (Galobardes et al., 2006; Liberatos et al., 1988) .
However, it may not be sufficient to analyze the correlation between cancer incidence and income class, occupation, education, marriage, and life style to understand how socioeconomic factors affect cancer incidence. To understand how socioeconomic factors affect cancer incidence, data need to be collected and analyzed in a life-course perspective. For example, the socioeconomic factors such as occupation, income, and education level may have a life-long effect on health disparity. In addition, health status should be considered as a complex result of biological, physiochemical, and social factors. Thus, it is necessary to develop an extensive understanding of the cancer incidence mechanism by collecting and analyzing data on socioeconomic factors as well as socio-cultural and psychological factors.
The results of this study might have underestimated the disparity of the cancer incidence risk among income classes because the low income classes may take less advantage of medical services. In addition, this study does not consider other indicators of socioeconomic status besides income class, such as education, occupation, and marital status and thus the socioeconomic status of the subjects might not have been comprehensively reflected. Future studies may need to include other socioeconomic indicators, such as educational level and marital status, which may have direct and indirect effects on economic status and occupation. In spite of the limitations, this study is significant in the following aspects. First, the income class parameter was derived from the monthly health insurance premium. Since the monthly health insurance premium is determined on the basis of income class, it may be considered as an appropriate criterion for classifying income classes. In practice, it is difficult to obtain accurate income data in this kind of study. The income data collected through interviews are hardly reliable. The monthly health insurance premium is considered as a highly reliable proxy indicator of actual income class. Second, previous studies were conducted on a single type of cancer or a few types of cancer. Some of the studies were conducted on cancer patients registered in hospitals. However, this study incorporated all the people who made use of medical services because of cancer and, thus, they were enlisted in the National Health Insurance cancer registration data, one of the representative public data sources in Korea for the selfemployed insured and medical aid beneficiaries. This data source enabled a thorough investigation of the relationship between income class and cancer incidence.
This study showed that there is an economic inequality in the incidence of cancer in Korea. The results of this study will provide basic data to enable intensified early cancer detection for those who are at a low socioeconomic level and in a vulnerable class as well as continuous and appropriate management in order to ultimately reduce the disparity of cancer incidence risk among the income classes.
